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(57) ABSTRACT 
To reduce a current loss through a channel and improve 
electron mobility, a first semiconductor layer and a second 
semiconductor layer (sequentially formed on a semiconduc 
tor substrate) have different lattice properties. The first 
semiconductor layer and the second semiconductor layer 
may be etched to form a first semiconductor pattern. A third 
semiconductor layer having a lattice property Substantially 
identical to that of the first semiconductor layer may be 
formed over the first semiconductor pattern. The third semi 
conductor layer may then be etched to form a second 
semiconductor pattern. A gate may be formed on the second 
semiconductor pattern. The contact Surface between the 
second semiconductor pattern and the gate pattern may 
consequently increased to reduce a current loss. Further, the 
lattice properties may be changed to improve electron 
mobility of the semiconductor layers. 
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FIG. 8 
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FIG. 10 
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SEMCONDUCTOR DEVICE WITH OFFERENT 
LATTICE PROPERTIES 

CROSS REFERENCE TO RELATED 
APPLICATION(S) 

0001. This is a Continuation of, and a claim of priority is 
made to, U.S. non-provisional application Serial No. 10/801, 
651, filed Mar. 17, 2004, the contents of which are incor 
porated herein by reference in their entirety. 
0002. A claim of priority is also made to Korean Patent 
Application No. 2003-16450, filed on Mar. 17, 2003, the 
contents of which are incorporated herein by reference in 
their entirety. 

BACKGROUND OF THE INVENTION 

0003) 1. Field of the Invention 
0004 The present invention relates to a semiconductor 
device or a method of manufacturing a semiconductor 
device. Embodiments of the present invention are capable of 
reducing current loss in a semiconductor device by increas 
ing the contact surface between channel and a gate. This 
reduction of current loss may be accomplished by improving 
electron mobility by manipulating lattice properties of the 
channel. 

0005 2. Description of the Related Art 
0006 Transistors are semiconductor devices with great 

utility and are necessary in modern computers. Transistors 
are also used in communication systems, such as telephone 
systems and the Internet. Over time, modern computers and 
communication systems have continuously improved. 
Improvements include the miniaturization of devices, the 
increase in speed of devices, and lowering of power con 
sumption of devices. These improvements have allowed 
computers and telephones to be much more powerful, while 
also becoming more affordable. 
0007 Two techniques that are used during semiconductor 
device manufacturing are scaling down and integration. 
Scaling down and integration of semiconductor devices (e.g. 
transistors) may be achieved by downsizing structures of the 
semiconductor devices. As semiconductor devices become 
Smaller and are downsized, more semiconductor devices can 
be included (i.e. integrated) in a single chip. Further, down 
sizing decreases the time needed for electrons to pass 
through a transistor, which reduces processing time of a 
transistor. In other words, downsizing allows a transistor to 
work faster. Downsizing also minimizes the quantity of 
electrons flowing through a transistor. By minimizing this 
quantity of electrons, power consumption of a transistor is 
also minimized. 

0008 High integration, high speed, and low electric 
power consumption of transistors have improved transistor 
performance. A minimum width of the semiconductor tran 
sistor has evolved from 10 um in 1971, to 0.25 um in 1997, 
and to 90 nm in 2003. Over the past 30 years, transistors 
have been downsized by a factor of about 50. Further, 
transistors have been integrated by a factor of about 10,000. 
Chip speed has improved by a factor of about 1,000. 
Currently, transistors having a width of about 90 nm are 
being researched and transistors having a width of about 65 
nm are contemplated. 
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0009. The following are examples of transistors with 
different dimensions. A transistor having a width of about 
0.13 um has a gate width of about 70 um on a 200 mm 
diameter wafer. A transistor having a width of about 90 nm 
may have a gate width of about 50 nm on a 300 mm diameter 
wafer. A transistor having a width of about 65 nm may have 
a gate width of about 35 nm on a 300 mm diameter wafer. 
0010. There are some advantages of a process for manu 
facturing a semiconductor having a transistor with a width of 
about 90 nm over the process for manufacturing a semicon 
ductor having a transistor with a width of about 0.13 um. 
High speed and low electric power consumption transistors 
may be produced, based on fabrication techniques of a gate 
oxide layer having a thickness of about 1.2 nm, a gate having 
a width of about 50 nm, and utilization of strained silicon. 
Manufacturing costs of semiconductor devices may be 
reduced by using wafers having diameters of about 300 mm. 
Despite the rapid progress of semiconductor technology, a 
typical transistor in a chip remains a Metal Oxide Silicon 
Field Effect Transistor (MOSFET). The fundamental prin 
ciple of semiconductor transistor operation (which is char 
acterized by an equation of motion of drift diffusion of an 
electron as a particle) continues to govern design, despite the 
transistor being downsized by more than a factor of 50. In 
other words, the MOSFET fabrication technique is still 
considered when downsizing techniques are developed. 

0011. Some complications exist in fabrication techniques 
of MOSFETs having a width less than about 0.1 um. For 
example, when a width of a transistor is about 10 nm, in 
view of physics, a quantum mechanical movement of elec 
trons may dominate and the transistor may not operate. This 
complication may arise due to an electron in a small-scale 
transistor acting as an individual charge. One proposed 
Solution to this complication is to modify the presently used 
MOSFET fabrication technique to reduce a short channel 
effect or side effects due to a quantum effect. Another 
proposed solution to this complication is to develop a 
nano-scale device involving a quantum mechanical opera 
tion theory which emerges from the classical MOSFET 
operation theory. 

0012. There are some obstacles in manufacturing tech 
niques of CMOS transistors, having widths less than about 
0.1 um. These obstacles may be due to limited space charge 
layers, tunneling effects, and/or non-uniform doping. These 
obstacles may arise during lithography, forming gate oxide 
layers, forming shallow source/drain extensions, and/or 
forming halo pocket/retrograde wells in Small-scale param 
eters. Consequently, a high permittivity gate oxide layer 
Substitute for SiO, a technique for improving gate delay, a 
technique for reducing scattering on a surface between a 
gate oxide layer and a channel (to increase electron mobility 
and maintain high driving current) have been researched 
without producing significant results. However, strained 
silicon may be used in the semiconductor device during 
manufacturing of a transistor having a width of about 90 nm. 
0013 FIG. 1 is an exemplary graph illustrating an 
increase of electron mobility using strained silicon in a 
semiconductor device. The graph of FIG. 1 is a result of a 
strained silicon semiconductor test conducted by Intel Cor 
poration. In FIG. 1, the vertical axis represents an effective 
mobility and the longitudinal axis represents a vertical 
effective field. FIG. 1 illustrates the effective mobility of a 
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general silicon semiconductor 10, Strained silicon with sili 
con-germanium having about 15% germanium atom con 
centration 15, and strained silicon with silicon-germanium 
having about 20% germanium atom concentration 16. 
0014 Generally, a semiconductor device is operated in a 
range between about 500 and about 600K V/Cm. Silicon 
semiconductor 10 exhibits about 270 cm/V s of electron 
mobility. When the silicon is strained with the 15% silicon 
germanium 15, the electron mobility is about 450 cm/Vs. 
Likewise, when the silicon is strained with the 20% silicon 
germanium 16, the electron mobility is about 480 cm/Vs. 
As illustrated, when an active silicon layer is strained with 
a silicon-germanium epitaxial layer having about 17% ger 
manium atom concentration, the electron mobility increases 
by over 70%. The semiconductor devices exhibited in FIG. 
1 are tested in a two-dimensional way. A matching technique 
of the strained silicon with the transistor in a three-dimen 
sional way has not been developed, prior to the present 
invention. 

0.015 A two-dimensional method of improving the tran 
sistor speed using strained silicon in a semiconductor device 
has been known. In order to improve the transistor integrity 
and speed, it is required to reduce semiconductor device 
scale or develop a three-dimensional method. Reducing the 
semiconductor device scale has some limitations since the 
shape description technique for an integrated circuit has not 
been secured in a scale less than about 100 nm. Thus, it is 
preferable to adopt a three-dimensional device. When the 
channel width is below about 90 nm, however, a short 
channel effect and a current leakage through the gate oxide 
layer may occur. The short channel effect indicates a reduc 
tion of an effective channel length due to a diffusion of 
n-type or p-type impurity atoms in the channel by a heat 
treatment at a high temperature. When the effective channel 
length is reduced, a short circuit occurs between the Source 
and the drain in the device having the gate with a minute 
length. 

0016 Polygates are formed on three faces of the channel 
transistor in the CMOS structure. The transistor having this 
structure is called as a Tri-Gate device. The Tri-Gate device 
may decrease the short channel effect that frequently occurs 
in a single gate. As is described above, the Tri-Gate device 
using the strained silicon is very powerful for embodying the 
transistor having the width less than about 90 nm. However, 
prior to the present invention, Tri-Gate devices have not 
been utilized in conjunction with Strained silicon. 

SUMMARY OF THE INVENTION 

0017 Embodiments of the present invention relate to an 
apparatus including a transistor channel. The channel 
includes an inner portion and an outer portion. The outer 
portion Surrounds the inner portion and includes strained 
silicon. Because the outer portion has a relatively large 
surface area and improved electron mobility due to the 
strained silicon, a transistor can operate more effectively and 
efficiently. Accordingly, the transistor can make a computer 
operate faster while consuming less power. 
00.18 Embodiments of the present invention provide a 
semiconductor device and a method of manufacturing the 
semiconductor device capable of increasing a contact Sur 
face between a gate and a channel to reduce current loss. The 
lattice property of a semiconductor layer in the channel is 
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changed to improve electron mobility. Accordingly, a semi 
conductor device and a method of manufacturing the semi 
conductor device are capable of increasing a surface con 
tacting a gate, improving a lattice property of a 
semiconductor layer, improving current flow through a 
channel, and reducing electric power consumption of the 
semiconductor device. 

0019. In embodiments, a first semiconductor layer and a 
second semiconductor layer are sequentially formed on a 
semiconductor Substrate. The second semiconductor layer 
may have a lattice property different from the first semicon 
ductor layer. The first and second semiconductor layers are 
then etched to form a first semiconductor structure. A third 
semiconductor layer, having a lattice property Substantially 
identical to the lattice property of the first semiconductor 
layer, is formed on the first semiconductor structure. The 
third semiconductor layer is then etched to form a second 
semiconductor structure covering the first semiconductor 
structure. The first and third semiconductor layers may 
include silicon. The second semiconductor layer may 
include silicon-germanium. The second semiconductor layer 
may be formed by an epitaxial growth process. The second 
semiconductor structure is formed on a top surface and 
sidewalls of the first semiconductor structure. 

0020. As an example of the invention, a semiconductor 
device includes a first structure formed on a semiconductor 
Substrate and a second structure formed penetrating the first 
structure. The first structure includes a first semiconductor 
pattern. The second structure has a lattice property different 
from the first semiconductor pattern. One portion of the first 
structure makes contact with a source region formed on one 
portion of the semiconductor Substrate, while another por 
tion of the first structure makes contact with a drain region 
formed on another portion of the semiconductor substrate. A 
lower portion of the second structure makes contact with the 
semiconductor Substrate. The second structure additionally 
includes a third semiconductor pattern. The third semicon 
ductor pattern is formed between the second semiconductor 
pattern and the semiconductor Substrate. The third semicon 
ductor pattern has a lattice property Substantially identical to 
that of the first semiconductor pattern. 
0021 According to embodiments of the invention, the 
contact Surface between the channel and the gate may be 
increased so as to reduce current loss. Further, the lattice 
property of the semiconductor layer in the channel is 
changed to improve electron mobility in the channel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022 FIG. 1 is an exemplary graph illustrating an 
increase of electron mobility using strained silicon in a 
semiconductor device. 

0023 FIGS. 2 to 7 are exemplary views illustrating a 
method of manufacturing a semiconductor device. 
0024 FIG. 8 is an exemplary perspective view illustrat 
ing a semiconductor device. 
0025 FIG. 9 is an exemplary cross-sectional view illus 
trating a contact Surface between the channel and the gate 
shown in FIG. 8. 

0026 FIG. 10 is an exemplary schematic cross-sectional 
view illustrating a current flow through the channel shown 
in FIG. 8. 
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0027 FIG. 11 is an exemplary schematic perspective 
view illustrating a three-dimensional channel emerged from 
a two-dimensional channel using strained silicon. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0028. The invention now will be described more fully 
hereinafter with reference to the accompanying drawings, in 
which exemplary embodiments of the invention are 
described. This invention may, however, be embodied in 
many different forms and should not be construed as limited 
to the embodiments set forth herein; rather, these embodi 
ments are provided so that this disclosure will be thorough 
and complete, and will fully convey the scope of the 
invention to those skilled in the art. Like numbers refer to 
like elements throughout. The relative thickness of layers in 
the illustrations may be exaggerated for purposes of describ 
ing the invention. 
0029 FIGS. 2 to 7 are exemplary views illustrating a 
method of manufacturing a semiconductor device according 
to embodiments of the invention. In FIG. 2, the first 
semiconductor layer 110 is formed on the semiconductor 
substrate 100. In FIG. 3, the second semiconductor layer 
120 is formed on first semiconductor layer 110. The second 
semiconductor layer 120 has different lattice properties from 
the first semiconductor layer 110. In FIG. 4, the first 
semiconductor layer 110 and the second semiconductor 
layer 120 are etched to form the first semiconductor pattern 
200 on the semiconductor substrate 100. The first semicon 
ductor pattern 200 includes a portion of the first semicon 
ductor layer 110 and the second semiconductor layer 120. 
0030) In FIG. 5, the third semiconductor layer 130 is 
formed over semiconductor pattern 200. The third semicon 
ductor layer 130 is formed over the semiconductor substrate 
100. The third semiconductor layer 130 has substantially the 
same lattice properties as the first semiconductor layer 110. 
In FIG. 6, the third semiconductor layer 130 is etched to 
form the second semiconductor pattern 300. The second 
semiconductor pattern 130 covers the top surface and side 
walls of the first semiconductor pattern 200. In FIG. 7, a 
gate layer (not shown) is formed over the semiconductor 
substrate 100 and the second semiconductor pattern 300. 
This gate layer is etched to form the gate 400, as illustrated 
in FIG. 7. The gate 400 is substantially perpendicular to the 
second semiconductor pattern 300. 

0031. In embodiments, the semiconductor substrate 100 
is an insulation Substrate and may include an oxide layer. 
The first semiconductor layer 110 may include silicon. The 
first semiconductor layer 110 has an exemplary thickness of 
approximately 10 to 30 nm. The second semiconductor layer 
120 induces crystal structure changes in the first semicon 
ductor layer 110. For example, the second semiconductor 
layer 120 has lattice properties different from that of the first 
semiconductor layer 110. This difference in lattice properties 
will induce a crystal structure change in the first semicon 
ductor layer 110. This change in crystal structure may be 
attributed to the first semiconductor layer 110 and the second 
semiconductor layer 120 including different materials that 
have different crystal structures. These different crystal 
structures may be directly related to the different lattice 
properties of the first semiconductor layer 110 and the 
second semiconductor layer 120. 
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0032. When the second semiconductor layer 120 is 
formed on the first semiconductor layer 110, the crystal 
structure of the first semiconductor layer 110 may be influ 
enced by the crystal structure of the second semiconductor 
layer 120. This influence may make the first semiconductor 
layer 110 become strained silicon. In embodiments, the first 
semiconductor layer 110 includes silicon. In other embodi 
ments, the second semiconductor layer 120 includes silicon 
germanium and/or silicon carbide. Materials included in the 
second semiconductor layer 120 can be carefully chosen to 
modify the crystal structure of the first semiconductor layer 
110 to produce strained silicon. In other words, silicon 
germanium and/or silicon carbide in the second semicon 
ductor layer 120 applies a tensile force to the first semicon 
ductor layer 110. 
0033. The first semiconductor layer 110 (including sili 
con) and the second semiconductor layer 120 (including 
silicon germanium) are formed. The second semiconductor 
layer 120 is a strain inducing layer and the first semicon 
ductor layer 110 is a strained layer. The first semiconductor 
layer 110 may be referred to as a strained silicon layer. 
0034. The second semiconductor layer 120 may be 
formed on the first semiconductor layer 110 in alternative 
ways in different embodiments. For instance, the second 
semiconductor layer 120 can be formed either by a deposi 
tion process or by an epitaxial growth process. The second 
semiconductor layer 120 is formed on the first semiconduc 
tor layer 110 by the epitaxial growth process at a thickness 
of approximately 10 to 90 nm. 
0035. The first semiconductor layer 110 and the second 
semiconductor layer 120 are etched using a photolithogra 
phy process to form the first semiconductor pattern 200. The 
first semiconductor pattern 200 is formed on the semicon 
ductor substrate 100 in a first direction that is longitudinal to 
the semiconductor substrate 100. The third semiconductor 
layer 130 is then formed on the first semiconductor pattern 
200. The third semiconductor layer 130 is etched using a 
photolithography process to form the third semiconductor 
layer pattern 131. The third semiconductor layer pattern 131 
is formed over the top surface and sidewalls of the first 
semiconductor pattern 200 to complete the second semicon 
ductor pattern 300. The third semiconductor layer 130 has 
lattice properties Substantially the same as the first semicon 
ductor layer 110. 
0036. For example, if the first semiconductor layer 110 
includes silicon, the third semiconductor layer 130 includes 
silicon that has substantially the same lattice properties as 
the first semiconductor layer 110. In other words, the third 
semiconductor layer 130 may include a material having a 
crystal structure substantially identical to the material of the 
first semiconductor layer 110. However, the material of the 
third semiconductor layer 130 does not necessarily need to 
be the same as the material of the first semiconductor layer 
110. The method of forming the second semiconductor 
pattern 300 varies depending on the method used for form 
ing the third semiconductor layer 130. When the third 
semiconductor layer 130 is deposited on the first semicon 
ductor pattern 200, the second semiconductor pattern 300 
may be formed using a photolithography process. 

0037. The third semiconductor layer 130 is formed over 
the first semiconductor pattern 200 using an epitaxial growth 
process. A pre-baking or pre-cleaning process may be per 
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formed before this epitaxial growth process. The pre-baking 
or pre-cleaning process is performed to prevent growth of a 
natural oxide layer when silicon is exposed. In this pre 
baking or pre-cleaning process, the semiconductor Substrate 
100 may be heated for about 1 minute at a temperature of 
about 900° C. After the pre-baking or pre-cleaning process, 
an epitaxial growth process may be performed. In an epi 
taxial growth process, the semiconductor substrate 100 may 
be heated for less than approximately two minutes at a 
temperature of about 900° C. The third semiconductor layer 
130 may have a thickness of about 10 to 100 nm. In 
embodiments, an epitaxial growth process is more advanta 
geous than a photolithography process. For example, when 
the first semiconductor pattern 200 is grown epitaxially, 
silicon family material grows on an outer face (e.g. side 
walls) of the first semiconductor pattern 200. Silicon family 
material formed on the first semiconductor pattern 200 has 
lattice properties substantially the same as silicon. 

0038. The exemplary semiconductor substrate 100 is an 
insulation substrate. Semiconductor substrate 100 includes 
an oxide layer. The first semiconductor layer 110 is a silicon 
layer. The second semiconductor layer 120 is a silicon 
germanium layer grown from the first semiconductor layer 
110. The third semiconductor layer 130 is a silicon layer 
epitaxially grown from the first semiconductor pattern 200. 
The second semiconductor layer 120 is vertically grown 
from the surface of the first semiconductor layer 110. A 
germanium concentration in silicon germanium may gradu 
ally increase from the first semiconductor layer 110. 
0039. A gate oxide layer may be formed over the second 
semiconductor pattern 300. Gate material is then sequen 
tially formed over the gate oxide layer. The gate material is 
planarized and etched through a wet etching or dry etching 
process to form the gate 400. The second semiconductor 
pattern 300 serves as a channel that contacts the gate 400. A 
layer forming a spacer is deposited on the gate 400 and 
Subsequently etched to form a spacer. A metal layer may be 
deposited on the gate 400. A heat treatment can be carried 
out to form a metal silicide layer on the gate 400. Examples 
of the metal deposited on the gate 400 include cobalt (Co). 
nickel (Ni), and lead (Pb). As a design rule of semiconductor 
devices, it may be necessary to form metal silicide layers on 
semiconductor devices. 

0040. One end of the second semiconductor pattern 300 
makes contact with a source region of the semiconductor 
substrate 100. Likewise, the other end of the second semi 
conductor pattern 300 may make contact with a drain region 
of the semiconductor substrate 100. The second semicon 
ductor pattern 300 serves as a channel between a source (i.e. 
a cathode) and a drain (i.e. an anode). A channel, including 
electrically conductive silicon, is formed as a current path. 
A gate oxide layer is formed on a contact surface between 
the gate 400 and the outer face of the second semiconductor 
pattern 300 to connect the gate 400 with the channel. 

0041. Three-dimensional semiconductor devices and/or 
reducing the scale of semiconductor devices may be advan 
tageous in increasing transistor integrity and speed. In 
three-dimensional semiconductor devices, when a channel 
width is less than about 90 nm, current leakage can occur 
through a gate oxide layer. The second semiconductor 
pattern 300 (i.e. the channel) may have a three-dimensional 
structure. The gate 400 covers the second semiconductor 
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pattern 300, which increases the contact surface between the 
channel and the gate 400. In other words, a tri-gate structure 
can be formed along three sides of the channel. Accordingly, 
problems of a single gate structure related to silicon thick 
ness and current leakage may be alleviated by a tri-gate 
structure. In embodiments, the second semiconductor pat 
tern 300, a gate oxide layer, the gate 400, a spacer, a source 
region, a drain region, and a metal silicide layer are struc 
tures included in a Metal Oxide Silicon Field Effect Tran 
sistor (MOSFET). 
0042. In a MOSFET, a gate is formed on a surface of 
p-type silicon Substrate. A source and a drain are formed 
near the surface of the substrate. A channel, which serves as 
a current path between the source and the drain is also 
formed. When a negative Voltage is applied to the gate, holes 
in the Substrate are attracted in one direction to gather in the 
channel to increase the current between the source and the 
drain. On the other hand, when a positive Voltage is applied 
to the gate, holes are repulsed from the gate to decrease the 
current between the source and the drain. When more 
positive Voltages are applied to the gate, however, electrons 
in the semiconductor gather in the channel to increase the 
current between the source and the drain. The MOSFET 
amplifies the current flowing through the channel depending 
on the gate Voltage condition. 
0043. The depth of a source and a drain are reduced as the 
semiconductor becomes minute or scaled down. Accord 
ingly, resistance in a source region and a drain region 
increase in a minute semiconductor device to impair the 
MOSFET device. On the other hand, a semiconductor 
device according to embodiments of the present invention 
may include the second semiconductor pattern 300 and/or a 
channel vertically formed in a three-dimensional structure to 
connect a source region and a drain region. Thus, impair 
ment of a MOSFET due to the increased resistance is 
prevented. In embodiments, a method of manufacturing the 
semiconductor device includes an ion-injection process 
injecting impurities in each semiconductor layer in order to 
improve electrical characteristics of the semiconductor 
device. 

0044 FIG. 8 is an exemplary perspective view illustrat 
ing a semiconductor device. FIG. 9 is an exemplary cross 
sectional view illustrating a contact Surface between the 
channel and the gate of FIG. 8. FIG. 10 is an exemplary 
schematic cross-sectional view illustrating a current flow 
through the channel of FIG. 8. FIG. 11 is an exemplary 
schematic perspective view illustrating a three-dimensional 
channel emerged from a two-dimensional channel using 
strained silicon. 

0045. In FIG. 8, the first structure 510 and the second 
structure 520 are formed on the semiconductor substrate 
100. The first structure 510 includes a first semiconductor 
pattern. The second structure 520 includes a second semi 
conductor pattern. The second structure 520 has a lattice 
property different from that of the first semiconductor struc 
ture 510. The second semiconductor structure 520 is posi 
tioned penetrating the center of the first structure 510. 
0046) Agate oxide layer is formed on an outer face of the 

first structure 510. The gate 400 is formed over the first 
structure 510. The gate 400 is substantially perpendicular to 
the first structure 510. A spacer (not shown) is formed on the 
sidewalls of the gate 400. A metal silicide layer may be 
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formed over a surface of the first structure 510 and/or over 
the gate 400. Examples of the metal deposited on the 
structure 510 and the gate 400 include cobalt, nickel, and 
lead. As a design rule, it may be necessary to form a metal 
silicide layer in a semiconductor device. 
0047 One portion of the first structure 510 may make 
contact with a source region formed on one portion of the 
semiconductor substrate 100. Likewise, another portion of 
the first structure 510 makes contact with a drain region 
formed on another region of the semiconductor Substrate 
100. The semiconductor substrate 100 is an insulation sub 
strate including an oxide layer. The first structure 510 
includes silicon. A lower portion of the first structure 510 has 
an exemplary thickness of about 10 nm to 30 nm from the 
surface of the semiconductor substrate 100. The remaining 
portions of the first structure 510 have an exemplary thick 
ness of about 10 nm to 100 nm. 

0.048. The second structure 520 includes a second semi 
conductor pattern, which induces crystal structure changes 
in the first structure 510. Accordingly, the second structure 
520 has a lattice property different from the first structure 
510. The second structure 520 includes either silicon-ger 
manium and/or silicon carbide to modify the crystal struc 
ture of silicon. As an example, when the first structure 510 
includes silicon, the second structure 520 includes silicon 
germanium. The second structure 520 is illustrated longitu 
dinal to the semiconductor substrate 100 and penetrating the 
center of the first structure 510. In other words, the second 
Structure 520 is formed in the center of the first structure 510 
in a longitudinal direction of the semiconductor Substrate 
100. The Second structure 520 is formed from the first 
structure 510 through an epitaxial growth process. The 
second structure 520 has an exemplary thickness of about 10 
to 90 nm. 

0049. The gate 400 is formed on the first structure 510, 
substantially perpendicular to the first structure 510. The 
gate oxide layer is formed between the first structure 510 and 
the gate 400. The first structure 510 serves as a channel in 
contact with the gate 400. The first structure 510, which is 
the channel, serves as a current path. The first structure 510 
is connected to the gate 400 through a gate oxide layer. The 
first structure 510, the second structure 520, a gate oxide 
layer, the gate 400, a spacer, a source region, a drain region, 
and a metal silicide layer are structures of a MOSFET. A 
MOSFET amplifies current flowing through a channel 
according to a gate Voltage condition. 
0050. When a negative voltage is applied to the gate 400, 
holes in the semiconductor substrate 100 are attracted in one 
direction to gather in the channel and increase the current 
between a source and a drain. When a positive Voltage is 
applied to the gate 400, holes may be repulsed from the gate 
400 and decrease the current between a source and a drain. 
However, when a relatively high positive voltage is applied 
to the gate 400, electrons in a semiconductor may gather in 
the channel and increase current between a source and a 
drain. 

0051) The first structure 510 has a three-dimensional 
structure and the gate 400 has three contact surfaces 511, 
512 and 513. The depth of a source and/or a drain can be 
reduced as the semiconductor becomes minute. Accordingly, 
resistance in a source region and a drain region increases in 
a minute semiconductor device to impair a MOSFET device. 
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A semiconductor device according to embodiments of the 
present invention may increase gate contact surfaces 511, 
512 and 513. Gate contact surfaces 511, 512 and 513 contact 
the gate and the channel and may increase transistor integ 
rity and speed. Increase contact surfaces may also reduce 
current leakage through a gate oxide layer. 

0052 The second structure 520 modifies the crystal struc 
ture of the first structure 510. Silicon-germanium (included 
in the second structure 520) induces tensile force to the 
silicon included in the first structure 510. This can be 
attributed to the lattice constants of silicon-germanium and 
silicon being different. Silicon having modified crystal struc 
ture is often referred to as strained silicon. When the crystal 
structure of the first structure 510 is modified, resistance to 
the current passing through the first structure 510 is reduced. 
As illustrated in FIG. 10, electron mobility or hole mobility 
is improved in the strained silicon lattice 602 over the 
general silicon lattice 601. This improvement is attributed to 
the crystal structure of silicon being modified to reduce 
resistance in electrons. 

0053 A three-dimensional channel may be used to 
improve the transistor integrity and speed. As channel width 
decreases, a short channel effect or current leakage through 
a gate oxide layer may occur. Accordingly, it may be 
desirable to reduce the amount of a gate oxide layer to 
increase current flow. For this reason, a three-dimensional 
channel using the strained silicon may be desirable. 

0054) A semiconductor channel may be a two-dimen 
sional channel having silicon-germanium, which induces 
silicon strain, between two silicon layers. When the two 
dimensional channel using silicon-germanium is expanded 
to be a three-dimensional channel, the silicon-germanium 
pattern 720 is exposed as depicted in FIG. 11. The first 
silicon pattern 710 and the second silicon pattern 730 are 
spaced apart and electrically disconnected. A gate oxide 
layer may be formed on the outer face of the channel and 
makes contact with the gate. A gate oxide layer is deposited 
on the silicon. When the silicon-germanium pattern 720 is 
exposed, an abnormal channel having the gate oxide layer 
partially formed on the outer surface of the channel is 
formed. The strain of the first silicon pattern 710 and the 
second silicon pattern 730 by the silicon-germanium pattern 
720 may not be uniform. The Silicon-germanium pattern 
720 induces strain of the first silicon pattern 710 and the 
second silicon pattern 730 only on the regions where the 
silicon-germanium pattern 720 makes contact with the first 
silicon pattern 710 or the second silicon pattern 730. Strains 
in the first silicon pattern 710 and the second silicon pattern 
730 may therefore not be uniform. 

0055. A channel according to embodiments of the present 
invention has a three-dimensional silicon channel to Sup 
press the short channel effect and improve the current loss 
through a gate oxide layer. A silicon-germanium pattern may 
be formed penetrating a pattern in a silicon channel in a 
longitudinal direction of a semiconductor Substrate to 
improve electron mobility and reduce electric power con 
Sumption. A structure having lattice properties different from 
that of silicon may be formed penetrating a silicon structure. 
Accordingly, the contact Surface between a channel and a 
gate may be increased, short channel effect Suppressed, and 
current leakage reduced. Additionally, a semiconductor 
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device having silicon-germanium may be applied to a chan 
nel to reduce electron mobility and current loss in the 
channel. 

0056 Exemplary embodiments of the present invention 
have been disclosed herein and, although specific terms are 
employed, they are used and are to be interpreted in a 
generic and descriptive sense only and not for purpose of 
limitation. Accordingly, it will be understood by those of 
ordinary skill in the art that various changes in form and 
details may be made without departing from the spirit and 
scope of the present invention as set forth in the following 
claims. 

What is claimed is: 
1. A semiconductor device comprising: 
a Substrate; 
a source region having an inner portion and an outer 

portion formed over the substrate, wherein the inner 
portion and the outer portion of the source region have 
different lattice properties; 

a drain region having an inner portion and an outer portion 
formed over the substrate, wherein the inner portion 
and the outer portion of the drain region have different 
lattice properties; 

a channel region at least partly located between the Source 
region and the drain region, the channel region extend 
ing in a first direction between the Source region and the 
drain region; and 

a gate extending in a second direction over at least part of 
the channel region. 

2. The device of claim 1, wherein the first direction is 
Substantially perpendicular to the second direction. 
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3. The device of claim 1, wherein the inner portion of the 
Source region and the inner portion of the drain region have 
the same lattice properties. 

4. The device of claim 3, wherein the outer portion of the 
Source region and the outer portion of the drain region have 
the same lattice properties. 

5. The device of claim 1, wherein the gate surrounds at 
least a portion of the channel region on at least three sides. 

6. The device of claim 1, wherein the inner portions of the 
Source and drain regions comprise germanium, and wherein 
the outer portions of the Source and drain regions comprise 
silicon. 

7. The device of claim 1, wherein a gate oxide is located 
between the channel region and the gate. 

8. The device of claim 1, wherein the outer portion of the 
drain region includes a layer located between the inner 
portion of the drain region and the Substrate. 

9. The device of claim 8, wherein the layer comprises 
Substantially the same lattice property as a remainder of the 
outer portion of the drain region. 

10. The device of claim 9, wherein the substrate is a 
semiconductor Substrate. 

11. The device of claim 1, wherein the outer portion of the 
Source region includes a layer located between the inner 
portion of the source region and the Substrate. 

12. The device of claim 11, wherein the layer comprises 
Substantially the same lattice property as a remainder of the 
outer portion of the drain region. 

13. The device of claim 12, wherein the substrate is a 
semiconductor Substrate. 


